The Portuguese northwest coast has been suffering for decades from severe erosion and important geomorphological changes, particularly in sandy stretches. This process is related to a number changes which include: a reduction of the supply of sediments, an increase in the mean sea level, an increase of storm frequency and anthropogenic transformations. The Aveiro coastal stretch is morphologically characterized by a sandy barrier-lagoon system often referred to as Ria de Aveiro; the barrier has been submitted to a continuous narrowing and topographic reduction that together potentiate a significant retreat of the coastline, an erosion of the beaches, and over washing. This paper analyses a coastal sector of approximately 3km in length, between the Vagueira and Labrego beaches, located at the south of the jetties that protect the access to the Aveiro lagoon. The study includes the behaviour of the erosion in the last 52 years, the projection of the coastline for the year 2020 and a cost-benefit analysis (ACB) for two scenarios: the present, with the existent coastal defenses, and another one with the absence of defenses. We examined aerial photographs taken in different years in order to determine the different shoreline positions, historical trends and mean shoreline retreat. The analysis of the economic viability of the scenarios was carried out based on the calculation of present value (NPV). The historical coastline retreat shows a value of about -3.5m/year, and if the hydrodynamic conditions remain identical to the present, by 2020 a loss of approximately 7ha of territory is expected in semi-natural areas, assuming that the urban areas will continue to be protected. The cost-benefit analysis point out that investment in coastal defenses is not economically viable, particularly in hard defenses. This situation also occurs if nothing is to be done to preserve the natural and built areas. However, in the latter case the economic losses are smaller. Nonetheless, all scenarios and the impact of changes should be based not only on economic factors but also by taking into account the ecological and social importance of the coastal zones. Bearing in mind the present trend, and in order to continue to protect the urban front of Vagueira,, the existing defenses will have to be maintained and reinforced, which will mean more investment in the near future.
Introduction
The Portuguese coast, and in particular the Aveiro littoral zone, has been suffering for decades from strong erosion and coastline retreat. This process, induced by human actions that change the coastal dynamics, is a challenge for planning and coastal zone management and for the need to minimize impacts, whether through protective measures or loss of territory, natural and urban, as well as social and economic implications. Coastal defense work involves high costs, and it is therefore necessary to assess the economic viability of protective measures that impact at both a local and regional level. The coastal zone of Aveiro is the most problematic of the north central region of Portugal, in terms of vulnerability and risk. This situation results from the geomorphologic features and the oceanographic context: a wide area with a pronounced topographic uniformity, exposed to wind action and to a strong maritime climate. The most important morphological element is the presence of a sandy barrier with a variable width. For decades, the barrier has presented transgressive characteristics, e.g., the rate of accumulation of sediment is less than the carrying capacity, so the coastline has been suffering a significant migration towards the land, induced by reduced sediment supply and washover processes. Similar situations observed in other systems are attributed to a rising mean sea level, a decrease in sediment delivery to the coast, anthropogenic influence and, in some cases, changes in the storm regime (Pethick 2001; Zhang et al. 2004) . The reduced sediment supply in coastal transport that affects the north and central Portuguese coast is referred to by several authors. The problem has been gathering over the last two decades, due to the changes in the northern rivers basins, particularly the Douro River because of its importance in sedimentary supply, and defense works carried out along the coast which retain a significant volume of sediment. Due to the problems that affect the Aveiro area, several authors have dedicated studies to the erosion and coastal defense Boto et al, 1997; Taborda et al., 2005; Santos, 2008; Coelho et al, 2009; . Maia, 2012 , among others), as well as issues related to the cost-.benefit of coastal protection investment (Alves et al, 2009; Roebeling et al, 2011; Roebeling et al, 2013) .
The objective of this paper is to evaluate the behavior of the shoreline in the last 52 years, in the sector between the beaches of Vagueira and Labrego, and to evaluate the cost-benefit, and the impact of, coastal protection options (including groins, seawalls and also designated revetments) at local level.
Study area
The study area is located in the south of the Aveiro lagoon entrance (tidal channel), usually designated by Ria de Aveiro (Figure 1 ). The man-made tidal channel is sheltered by two large jetties which have undergone successive extensions, in particular the north jetty; these structures are part of a set of hard coastal defenses extending to the south. This coastal stretch is morphologically characterized by a sandy barrier extending NNE-SSW that has been subjected to critical coastal erosion during the last few decades. The sector considered, the beaches from Vagueira to Labrego, with a length of approximately 3km, is backed by a degraded foredune ridge. The foredune shows dune morphologies poorly defined and partially destroyed by human occupation or erosive processes, and was replaced by sand dykes (Figure 1 ). The dykes are man-made structures resulting from the settlement of sand from other places or sources, and play a protective role after the erosion of natural defenses. The sandy barrier also individualizes two morphodynamic domains: an internal area, protected from direct action of marine processes which integrate the lagoon and the associated tidal flat, sometimes lower than the mean sea level, and an external domain, exposed to the ocean processes, that comprises the beach and the foredune or sandy dykes. The whole area is characterized by high-energy wave conditions. Significant waves are smaller during summer (offshore significant wave heights of 1 to 3 m and wave periods of 11 to 13 s) and larger during winter storms (significant wave heights often exceed 7m and wave periods of 13 s), particularly between October and March, with storms of greater intensity from the southwest (Costa, 1994) . The mean wave direction is from NW and induces an important littoral drift from north to south. The semidiurnal mesotidal regime in the region presents a maximum tidal range of 3.2 m and a minimum tidal range of 0.9 m; extreme water level fluctuations induced by storm surges usually exceed 40 cm (Gama et al., 1994) .
The problems associated with beach erosion, washover and coastline retreat, result in a significant reduction in the mean width of the barrier, in particular, in the southern area of the entrance to the Aveiro lagoon be-tween Barra and Praia de Mira (Bernardes & Baptista, 2011) . As a result, episodes of over washing are sometimes accompanied by the opening of a temporary channel between the sea and the lagoon (Mira channel), as observed in 2001 and 2011, which destabilizes social and economic activity. Vagueira is a very popular beach during the summer, particularly as the urban population has increased signifi cantly in recent years. Currently, the urban front is about 650 m long and is sheltered by a seawall, a longitudinal and adherent structure built in 1978. In 1979 this protection was reinforced and was accomplished by the construction of a groin in the southern area ( Figures  1 and 2 ). These coastal protection measures have been subject to frequent maintenance interventions. The Labrego beach, located about 1km south of Vagueira, has a groin which was built between 1998 and 2002. The infrastructure, used seasonally, comprises: a water fun park, a bungalow park and some beach facilities (Figures 1 and 2 ). The sandy dykes are present at the south of the Vagueira and Labrego groins; downdrift the groin and dyke have been reconstructed and reinforced several times as a result of critical erosion during winter storms. The last major reconstruction work took place in 2011 following episodes of over washing and the opening of a temporary tidal channel; in February 2014, the sandy dyke was reinforced after severe storms.
Materials and methods

Definition and calculation of shoreline retreat
The analysis of aerial photography, at scales 1/25.000 and 1/28.000, was the basis for shoreline definition covering different years (1958, 1970, 1998, 2002 and 2010) , supported by a geographic information system (ArcGIS). Due to the variety of situations, the coastline reference was defined from i) dune base when present, ii) erosion escarpment carved on dune, iii) base of sandy dyke when it replaces the frontal dune, iv) base of longitudinal structure (fixed coastline). For the years 2002 and 2010 the beach width, with potential use in the summer, was determined as the distance from coastline reference to the seaward limit of the subaerial beach in low water spring tides. An update of the built areas was also performed in Vagueira. The rates of shoreline migration were calculated using the extension digital shoreline analysis system (DSAS). This data was the basis for the projection of the coastline for the years 2015 and 2020, according to that proposed by Ferreira et al. (2006) . The projection took into account only the evolution trend of the shoreline and not any other factor, climatic, morphological change or anthropogenic action that modified the sediment dynamics in the study area. The shoreline position was calculated using the formula S a =S 0 +SERxa, where a is the time horizon to be analyzed; S a is the shoreline position after a year's; S 0 is the position of the baseline considered (in this study is 2010); SER corresponds to the erosion rate.
Cost-benefit analysis
The cost-benefit analysis (CBA) has been realized in order to evaluate the costs and the benefits in the presence (with protection) and absence (no protection) of coastal defense works. In the case of the presence of coastal defense, were calculated: i) the costs of construction and maintenance; ii) the costs associated if the defenses were replaced, called opportunity cost, in particular the longitudinal revetment of Vagueira; iii) potential loss due to the presence of structures such as groins that accentuate erosion downdrift of the same area. The benefits arising from the protection calculated were: the protected area (not lost) due to the presence of the works and the increase of the beach width near the groins. In the case of the absence of defense works, the costs of area potentially lost due to coastal erosion were estimated; the economic estimative, include natural areas of beach, dunes, inland adjacent zones, and urban areas based on the property value of homes. The benefit was calculated taking into account that any area lost due to the presence of hard coastal protection, including areas down-drift the groins. In the study, the devaluation of the urban area situated in areas with risk of coastal erosion are not considered, since the houses in the water front are essentially seasonal residences and the factor of choice in the summer period is the proximity to the beach, as well as the socio-economic component and touristic activities that may be affected in the near future. The costs and benefits calculated in the CBA were based on the values associated with the defense works and the natural and urban areas, estimated by Roebeling et al. (2011) and updated for the year 2012, using the inflation GDP deflator (World Bank, s/d) ( Table 1) . The economic viability of the scenarios was carried out from the equation proposed by Roebeling et al. (2011) , which allowed us to calculate the Net Present Value (NPV).
where t = 0, n (n is the number of years considered: 0 is the first year, in this case 1978, and n = 2020); r = time discount rate in the year t; Bt = total benefits expected in the year t; Ct = total costs, expected in year t. The time discount rate allowed converting the costs and benefits to present values that will be compared. The decreasing discount rate was used because it permits a better valorization of the costs and benefits over major time periods (HM Treasury, 2003) . The benefits of coastal defense works are not immediate but only evident in the medium and long term; for that reason a higher value is given to the benefits in the CBA when compared with a constant discount rate. In (Maia, 2012). this case, for the period of 30 years, from 1970 to 2000, a discount rate of 3.5% was considered, and for the following period, from 2001 to 2020, a rate of about 3%.
Results and discussion
Evolution of the shoreline
The shoreline evolution for the period between 1958 and 2010 shows a general retreat, which was accentuated after the coastal protection works, which were started in 1978 (Figure 3.A) . The aerial photography of 1958 did not reveal situations of erosion in the Vagueira zone: the beaches were wide and the foredune well developed. However, in 1970 and without defense structures, some erosion in the foredune system was recognised, which may return the effects of the interventions in the north region, specifically in Costa Nova and nearby the main entrance to the Aveiro lagoon (Figures 1 and 3) . Constructions of coastal defense structures in Vagueira (APA, 2012) began at the end of the 70s and were accompanied almost simultaneously by an increase of ur ban occupation; the density of built area has increased significantly over the past few decades (Figure 4) . In 1998 the coastline, influenced by the adherent structures, showed a "fixed" position along the longitudinal seawall and a rotation tendency immediately downdrift of the groins, accompanied by an important coastline retreat. From 1998 to 2002 the shoreline remained relatively stable, except to the south of the Labrego groin, with an increasing erosion area ( (Maia, 2012) . (Maia, 2012) .
Figura 4 -Evolução da área urbana da Vagueira entre 1958 e 2010
decrease of the average width of the sand barrier (beach and dune system) with a value of about 250 m in the Vagueira area (Bernardes & Baptista, 2011) . The coastline between 1958 and 2010 shows an average retreat of -3,5 m/year, which reflects the trend of the entire littoral sector. Before the construction of coastal defenses a mean value of -3,2 m/year had been recorded, and after building this value reached 2,5 m/year (Maia, 2012) . The decrease in the shoreline retreat rates that was not verified to the north or south of the Vagueira stretch was due to the coastline fixation in the urban front, balancing the retreat recorded before, and to the accretion which became to occur updrift of the Labrego groin ( Figure 5 ). Although the retreat has diminished in relative terms, there was an increase of erosion downdrift of the groins that caused the partial destruction of the frontal dunes and their reinforcement or total replacement by sandy dykes. The shoreline projection for the years 2015 and 2020 was performed by taking into account the present situation and a hypothetical scenario without protection of either fixed (adherent defenses) or dynamic (sandy dykes and beach nourishment). The results show, as expected, that the coastline retreat in the Vagueira waterfront and updrift of the Labrego groin would be greater without defense structures, while in areas protected by groins the retreat would be less significant in the absence of the protective structures. For the period 2010-2015 it is estimated that the present coastal defenses avoid an erosion of 13,5 ha of total area (9 ha of dunes and sandy dyke, 4,5 ha of urban area and 6 ha of area not protected). By 2020, it is (Maia, 2012) . (Maia, 2012) . Figura 6 -Projecção da linha de costa. A-2015; B-2020 B- (Maia, 2012 . estimated that 7 ha will be eroded and 16 ha protected (10,4 ha of semi-natural area and 5,6 ha of urban area) ( Figure 6 ).
Cost-benefit analysis (CBA)
In Vagueira, the results of ACB show for the situations with and without protection a negative NPV in the periods considered, indicating the unviability of the defense structures, taking into account only economic reasons (Table 2) . Coastal protection involves high construction costs and also ongoing maintenance costs; the total costs outweigh the benefits provided to natural and urban areas (Table 1) . For a hypothetical scenario without the defense works the VAL, although negative, is much lower even in the near future. For the Labrego beach, the results of the CBA are similar to the situation in Vagueira. In both scenarios, with and without protection, the NPV is always negative, though lower costs are observed in a scenario of no protection (Table 3 ).
In the period 1998-2002, the benefits created by the groins were negative because this period coincided with the construction of the structure and its effects still have not yet been felt. For a longer period of analysis, the costs are greater than the benefits. In the period 1998-2010, the costs associated with the eroded area have increased which has caused a drastic increase in NPV.
The projections for 2015 and 2020, both for Vagueira and Labrego as well as the costs associated with the presence of structures, largely penalize the benefits; amounts relating to the loss of territory without protection are considerably lower, which raises some questions regarding the value assigned to the intrinsic value of ecosystem components.
Conclusions
The coastal defenses on the Vagueira and Labrego beaches have contributed to the mitigation of negative impacts caused by coastal erosion. In Vagueira, the shoreline has remained "fixed" since the early 80s, due to the construction of the seawall; the beach will still benefit from the presence of the groin in the southern zone, however, in the urban front the subaerial beach area has been decreasing, and even nonexistent during high tide conditions. Despite the reinforcement of the seawall, under storm conditions the structure suffers frequent overtopping and both the areas to north and south are seriously affected by breaking wave and wave set up, necessitating emergency repair work (Figure 2 ).
The projection of the shoreline based on the most simplistic formulation, that excluded the increase of mean sea level, the impact of storms and the storm surge, the morphodynamic characteristics of the coastal stretch, or anthropogenic intervention, shows that the short term coastal retreat, in the absence of defense works, would be significant and can induce considerable damage. The position of the projected coastline for 2015 has already been reached and slightly exceeded in February 2014; this situation took place as a consequence of the highly energetic and persistent storms that affected the Portuguese coast last winter. In the study area, it was necessary to proceed with the partial nourishment of the beach in the area immediately north of the Vagueira seawall and the reinforcement of sandy dykes (Fig. 2) . Emergency action of this type has been relatively effective in maintaining shoreline position and preventing coastline erosion trends. The CBA shows that coastal defenses on the Vagueira and Labrego beaches are not economically viable. However, this situation also occurs if nothing is done to preserve the natural and built heritage.
The sandy dykes have contributed to the maintenance of the coastline position mainly downdrift of the groins, although each emergency action in order to repair the dykes is further inland. Nevertheless, the retention capacity of the Vagueira groin has vanished due to a significant decrease in the supply of sediments in the littoral drift; a similar situation is present in Labrego.
Taking the present critical situation into account, the option of defending beaches is both relevant and important in order to refocus on coastal defenses and, given the current conditions, the progressive additions to the length of the groins and the reinforcement of hard defenses. Soft interventions, like sand dykes and beach nourishment, have proved effective from the point of view of protection and maintenance costs, although the challenge in obtaining deposits of sand can be a limiting factor. The investment and maintenance costs estimates should not only take into account the single market values, but also "non-market" coastal ecosystem values and should be included in the impact assessment and cost-benefit analysis (Alves et al., 2009; Roebeling et al., 2011) . It should also be noted that any scenario should be based on the social importance of affected areas and costs involved, whichever option is considered in the future.
